Abstract The aim of this investigation was to compare the transcriptional expression of starch metabolism, involving genes and physiological characters, in seedlings of two contrasting salt-tolerant rice genotypes, in response to saltstress. The soluble sugar content in rice seedlings of both salt-tolerant and salt-sensitive genotypes was enriched, relating to starch degradation, in plants subjected to 200 mM NaCl. In the salt-tolerant cultivar Pokkali, a major source of carbon may be that derived from the photosynthetic system and starch degradation. In starch degradation, only Pho and PWD genes in Pokkali were upregulated in plants subjected to salt stress. In contrast, the photosynthetic abilities of IR29 salt-susceptible cultivar dropped significantly, relating to growth reduction. The major source of carbohydrate in salt-stressed seedlings of the IR29 cultivar may be gained from starch metabolism, regulated by ADP-glucose pyrophosphorylase (AGP), starch synthase (SS), starch branching enzyme (SBE), starch debranching enzyme (ISA), glucan-water dikinase (GWD), dispropotionating enzyme (DPE), phospho glucan-water dikinase (PWD) and starch phosphorylase (Pho). Also, the major route of soluble sugar in salt-stressed Pokkali seedlings was derived from photosynthesis and starch metabolism. This was identified as novel information in the present study.
Introduction
Salt-affected soil is a cause of abiotic stress in plants, and is one of the most serious factors to limit plant growth and development, especially in crop species which are classified as salt-susceptible (Qadir et al. 2008) . In arid and semi-arid zones, large areas, including Australia, Asia Pacific, Latin America, Europe, North America, Africa and New East are identified as having salt affected soils. These soils have an excess of water-soluble salts, especially NaCl (Tanji 2002) , which generate toxic ions, i.e. Na + and Cl − , causing ionic and osmotic stress at the plant cellular level, especially in glycophyte species (Mansour and Salama 2004; Chinnusamy et al. 2005) . In contrast, in halophyte species there are many defence mechanisms against salt, including ion homeostasis, osmoregulation, antioxidants and the hormonal regulation system (Hasegawa et al. 2000) .
Carbohydrate is a candidate target of the salt defence mechanism and is controlled by the osmoticum in plant cells subjected to salt stress (Djanaguiraman et al. 2006; Chen et al. 2008; Rosa et al. 2009 ). Starch is the principle carbon reserve for energy preservation in higher plants. Also, starch may play a critical role as a Na + -starch binding granule, detoxifying toxic ions (Kanai et al. 2007 ). The chloroplast organelle, especially in the endosperm of cereals, is the origin of starch biosynthesis, forming complex polysaccharides, including linear and branched molecules of glucose polymer, amylose and amylopectin, by ADP-glucose pyrophosphorylase (ADP-AGPase), starch synthase (SS) and starch branching enzymes (SBE). In starch synthesis, ADP-glucose derived from photosynthesis is synthesised by the action of ADP-GPPase, which is the case in rice (Ballicora et al. 2004; Lee et al. 2007 ). The elongation of starch proceeds via SS activity that catalyses the transfer of glycosyl moiety of ADP-glucose to the non-reducing end of pre-existing α-D-1,4-glucan primer. Amylopectin formation requires the participation of starch branching enzyme (SBE), transferring the segment of an α-D-1,4-glucan to the sixth carbon of glycosyl moieties. The synthesis of starch depends not only on SS or SBE, but also on the participation of limit-dextrinase (pullulanase) and isoamylase. In starch degradation, the starch granule is subsequently cleaved into smaller molecules of glucan by a set of enzymes; glucan-water dikinase (GWD), phosphoglucanwater dikinase (PWD), debranching enzyme (DE), betaamylase (BAM) and disproportionating enzyme (DPE), to provide a balanced energy reservoir. Relevant to this reaction is GWD, an enzyme that transfers the phosphate (Pi) of ATP to glycosyl moieties of amylopectin. PWD catalyses the reaction in a similar way to glucan-water dikinase. The formation of linear glucans results from the action of amylases and debranching enzymes on the branched starch. Several types of these enzymes have multiple isoforms, which are well established in different plant species (James et al. 2003; Tetlow 2006; Zeeman et al. 2007; Orzechowski 2008; Kötting et al. 2010; Zeeman et al. 2010) . Soluble sugars derived from photosynthesis and starch degradation play acts as osmotic regulators in the salt defence mechanism, as is well established in many plant species (Balibrea et al. 2000; Kerepesi and Galiba 2000; Liu and van Staden 2001; Gupta and Kaur 2005; Brumós et al. 2009 ). The aim of this investigation was to compare the transcriptional expression of starch metabolism, involving genes and physiological characters, in seedlings of two contrasting rice cultivars, Pokkali (salt-tolerant) and IR29 (salt-susceptible) in response to salt-stress.
Materials and methods

Plant materials and salt stress treatments
Seeds of two rice cultivars, Pokkali (salt-tolerant) and IR29 (salt-susceptible), were obtained from the germplasm bank, Rice Research Center, Thailand. The seeds were manually dehusked, sterilised once in 5 % (v/v) Clorox® (0.05 % sodium hypochlorite, active ingredient) overnight, once in 25 % (v/v) Clorox® for 30 min, and then rinsed three times with sterile distilled-water. Surface-sterilised seeds were germinated on 0.25 % Phytagel®-solidified MS media (Murashige and Skoog 1962) with 3 % sucrose (photomixotrophic condition) in a 250 mL glass vessel. The media were adjusted to pH 5.7 before autoclaving. Rice seedlings were cultured in vitro under conditions of 25±2°C ambient temperature, 60 ± 5 % relative humidity (RH) and 60 ± 5 μmol m -2 s −1 photosynthetic photon flux density (PPFD)
provided by fluorescent lamps with a 16 h d −1 photoperiod.
Fourteen-day-old seedlings were aseptically transferred to MS-liquid sugar-free media (photoautotrophic conditions) using vermiculite as supporting material for 2 weeks. Airexchange in the glass vessels was adjusted to 2.32 μmol CO 2 h −1 by punching a hole in the plastic cap (Ø 1 cm) and covering the hole with gas-permeable microporous polypropylene film (0.22 mm pore size, Nihon Millipore Ltd., Japan). After acclimatising the seedlings for 1 week, the sodium chloride (NaCl) concentration in the culture medium was adjusted to 0 (control) or 200 mM (salt stress). The experiment was arranged as 2×2 factorials in Completely Randomised Block Design (CRBD) with four replicates (n04). The mean values obtained were compared using Duncan's New Multiple Range Test (DMRT) and analyzed with SPSS software.
RNA extraction and cDNA preparation
Whole leaf blade from the rice seedlings were collected at 0, 6, 12, 18, 24, 30, 36, 42 and 48 h after NaCl treatment and immediately frozen at −80°C, prior to the extraction of total RNA. Total RNA was pooled from rice seedlings and extracted by the guanidine hydrochloride method (Sambrook et al. 1989) . Ground leaves of rice seedlings were homogenised in guanidinium thiocyanate solution (0.75 M NaCitrate at pH 7.0, 10 % Sarcosyl and 2 M 2-β-mercaptoethanol), NaAcetate (pH 4.0) and phenolchloroform solution. After chilling on ice for 15 min, the homogenate was centrifuged at 10,000 g for 20 min at 4°C. The aqueous phase was separated and mixed with 1× vol isopropanol, then kept at −20°C for 1 h before centrifuging at 10,000g for 15 min at 4°C. The pellet was completely dissolved in 0.3 mL guanidinium thiocyanate solution and precipitated with ethanol. Contaminant DNA in the RNA preparations was then treated with RQ1 RNase-Free DNase (Promega) and total RNA was purified by phenol-chloroform extraction. First-stranded DNA was synthesised with 3 μg total RNA per sample, using ImPromp-II ™ Reverse Transcriptase (Promega) and oligo-dT 15 primer.
Gene expression analysis by semi-quantitative PCR
The PCR reaction was performed using a Veriti ® Thermal Cycler (Applied Biosystems, CA, USA). All primer sequences and their annealing temperature are demonstrated in Table 1 . The PCR reaction was performed with 70-100 ng total RNA, 10 pM primer and EmeraldAmp® GT PCR Master Mix (Takara, Japan). The PCR profiles were as follows, using the conditions: 94°C for 3 min, 18-37 cycles of 94°C for 30 s, 56-67°C for 30 s, 72°C for 30 s and 72°C for 5 min. The conditions and cycle numbers were determined in order to avoid saturation of DNA amplification. The DNA obtained was subjected to agarose gel electrophoresis and stained with ethidium bromide. The signal intensity of the stained bands was photographed with a Gel Doc image analysis system (Bio-Rad, Hercules) and the data were analysed using GeneTools™ (Syngene, Cambridge, UK) analysis software.
Starch and sugars determination
Starch content in the leaf blade tissues was determined with an EnzyChrom assay kit (BioAssay Systems, Hayward, CA), using an enzymatic colorimetric method, which was a 2-phase method to quantify the concentration of both soluble and resistant starch (McCleary and Monaghan 2002) . A leaf sample of one hundred-milligrams was ground and the sugars extracted with 1 mL 90 % ethanol at 60°C for 5 min with triple repeats. After ethanol evaporation, soluble and insoluble starch was dissolved in 0.5 mL water at 60°C for 5 min and then mixed with 0.2 mL DMSO at 60°C for 5 min. Concentrations of soluble and insoluble starch were determined by colourimetric measurement of glucose residue after digestion using amyloglucosidase and α-amylase. Glucose and fructose in leaf blade tissues were analysed according to the modified method of Karkacier et al. (2003) . In a pre-cooled mortar, 100 mg fresh weight tissue was ground with liquid nitrogen, extracted with 1 mL nanopure water, vigorously shaken for 15 s, sonicated for 15 min and then centrifuged at 12,000 rpm for 15 min. The supernatant was filtered through a 0.45 μm membrane filter and stored at −20°C, prior to the measurement of sugar content (glucose and fructose) using high performance liquid chromatography (HPLC). A volume of 50 μL crude extracts was automatically injected into the HPLC system with a Waters 600 pump. Online detection was performed using a Waters 410 differential refractrometer detector and the data analysed by Empower software. The analytical column was a MetaCarb 87°C equipped with a guard column. Deionised water was used as the mobile phase with a 0.5 mL min −1 flow rate. Glucose and fructose were used as standards.
Physiological characters
Chlorophyll fluorescence emission from the adaxial surface of the leaf was measured using a fluorescence monitoring system (FMS 2; Hansatech Instruments Ltd., Norfolk, UK) in the pulse amplitude modulation mode, as previously described by Loggini et al. (1999) . A leaf, adapted to dark (Maxwell and Johnson 2000) .
Net photosynthetic rate (P n ; μmol m −2 s −1
), stomatal conductance (g s ; mmol m −2 s −1 ), transpiration rate (E; mmol m −2 s −1 ) and water use efficiency (WUE; %) were measured using a Portable Photosynthesis System (Model LI 6400, LI-COR®Inc, Lincoln, Nebraska, USA) with an Infrared Gas Analyser following Cha-um et al. (2007) . WUE was calculated according to the equation: WUE ¼ P n =E ½ Â100.
Growth performance
Fresh weight (FW), dry weight (DW), shoot height (SH) and root length (RL) of rice seedlings were measured, as described by Cha-um et al. (2006) . Seedlings were dried at 80°C in a hot-air oven for 2 days, and then incubated in desiccators before the measurement of dry weight.
Results and discussion
Physiological and growth characters
Maximum quantum yield of PSII (F v /F m ) in the saltstressed leaves of IR29 was significantly decreased by 52.6 %, whereas that in Pokkali was maintained (only 0.5 % diminution) when subjected to 200 mM NaCl (Table 2 ). Photon yield of PSII (Φ PSII ) and photochemical quenching (qP) in both IR29 genotypes decreased when seedlings were exposed to 200 mM NaCl, by 63.6 % and 55.3 %, respectively. Conversely, the same parameters in the Pokkali variety decreased by only 19.6 % and 18.1 %, respectively. Water use efficiency (WUE), net photosynthetic rate (P n ), and stomatal conductance (g s ) in both IR29 and Pokkali dropped significantly, but not transpiration rate (E) which increased (Table 3) . WUE, P n and g s in salt-stressed seedlings of IR29 (95.4 %, 74.4 % and 92.5 % reduction respectively) were lower than in seedlings of the Pokkali genotype (80.3 %, 44.4 % and 68.1 % reduction). The reduction in physiological character parameters directly affected overall growth, indicated by fresh weight (FW), dry weight (DW), shoot height (SH) and root length (RL). FW, DW, SH and RL values in Pokkali (13.3 %, 6.2 %, 6.6 % and 11.3 % reduction respectively) were alleviated significantly and were better than those of IR29 (26.2 %, 24.1 %, 19.6 % and 37.1 % reduction) in plants subjected to 200 mM NaCl (Table 4 ). In the present study, photosynthetic abilities, chlorophyll fluorescence and net photosynthetic rate in the Pokkali salttolerant cultivar were better than in IR29, salt-susceptible, when subjected to 200 mM NaCl, leading to maintenance of growth efficiency. Similar results are well established in the case of physiological and morphological characters in response to salt stress of salt-tolerant [Pokkali and FL478 (Pokkali× IR29 isogenic line)] and salt-sensitive (IR24, Peta, Nonabokra, BRRI Dhan29 and IR29) rice cultivars (Walia et al. 2005; Senadheera et al. 2009 ). In general, sodium ions (Na + ) are taken up into the root tissues and translocated to leaf tissues, especially in salt-sensitive cultivars (Golldack et al. 2003; Kader and Lindberg 2005; Malagoli et al. 2008 ). For example, Na + in IR29 rice seedlings (leaf and culm tissues) was enriched significantly in plants subjected to 50 mM NaCl for 2 days and was greater than that in FL478 (Walia et al. 2005; Senadheera et al. 2009 ). Also, the photosynthetic pigments and activities were 
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Time (h) after NaCl treatment Fig. 2 Expression patterns of starch synthase (SS; a-g) and granule-bound starch synthase (GBSS; h) in leaf tissues of IR29 (circle) and Pokkali (triangle) seedlings grown under 0 (opened symbol) or 200 mM NaCl treatment (closed symbol) for 48 h the final targets to be damaged by Na + , which was identified by pigment degradation (chlorophyll), chlorophyll fluorescence diminution (PSI and PSII) and net photosynthetic rate (P n ) reduction. In present study, F v /F m and Φ PSII in salt stressed seedlings of IR29 were sharply dropped for 52.6 % and 63.6 %, respectively. Similar result has been well established in PT1 rice cultivar exposed to 342 mM NaCl (Cha-um et al. 2009 ). The photosynthetic abilities of salt-tolerant rice varieties could be maintained and were better than those of the salt-sensitive variety, leading to maintained growth when subjected to salt stress (Tiwari et al. 1997; Lee et al. 2003; Ferdose et al. 2009; Wang et al. 2009; Cha-um et al. 2010; Ghosh et al. 2011 ).
Expression levels of starch involving genes under salt stress
The transcriptional level of starch biosynthesis and degradation genes in IR29, salt-susceptible, and Pokkali, salttolerant, were chosen as the target of salt responsive genes. In the case of starch biosynthesis, the expression level of AGPL1 in salt-stressed seedlings of Pokkali, treated with 200 mM NaCl (salt-stress) for 18-48 h, increased obviously when compared with the control seedlings (0 mM NaCl) and was higher than in IR29 by 15 times (Fig. 3a) . The expression level of AGPL3 was unaffected, in either NaCl-treated or non-treated seedlings of both IR29 and Pokkali (Fig. 1b) .
In contrast, the expression of cytosolic AGPS2b was enriched in salt-stressed seedlings of IR29 and was higher than that of the non-treated sample by 2 times for 18-48 h (Fig. 1c) . For starch synthase (SS) isoforms, from 6-48 h, expression levels of SSI gene in salt-stressed seedlings were increased in IR29 relative to increasing salt exposure time, whereas it was down-regulated in Pokkali (Fig. 2a) . The level of SSIIb expression was down-regulated in both IR29 and Pokkali genotypes when seedlings were subjected to salt stress for 24-42 h (Fig. 2b) . Relative expression of SSIIc in salt-stressed seedlings was unchanged (Fig. 2c) . In Pokkali, the expression of SSIII class, either isoform SSIIIa or isoform SSIIIb, was stabilised in rice seedlings with or without NaCl treatment, whereas those were down-regulated when IR29 was treated with NaCl ( Fig. 2d and e) . The expression profiles of SSIVa and SSIVb in salt-stressed seedlings of Pokkali and IR29 were down-regulated when the (Fig. 2f  and g ). Similarly, the relative level of GBSSII was downregulated in salt-stressed Pokkali at 42 h and 48 h after exposure to NaCl (Fig. 2h) . Three isoforms of starch branching enzyme (SBE), SBEI, SBEIII and SBEIV were chosen as targets for gene expression. In IR29, the expression levels of SBEI and SBEIV were up-regulated when plants were subjected to 200 mM NaCl for 42-48 h (Fig. 3a and c) , while SBEIII was down-regulated (Fig. 3b) . The expression level of SBEIII in salt-stressed Pokkali was down-regulated at 36-42 h of treatment (Fig. 3b) . Starch debranching genes i.e. ISAI, ISAIIa and ISAIIb were also determined. The expression level of ISAI in salt-stressed Pokkali was down-regulated, whereas in IR29 it was unchanged (Fig. 3d) . In contrast, relative expressions of ISAIIa and ISAIIb in IR29 were up-regulated when rice seedlings were subjected to 200 mM NaCl for 42-48 h (Fig. 3e and f) .
As for starch degradation, glucose-water dikinase (GWD) gene expression in salt-stressed IR29 was up-regulated in plants subjected to NaCl for 18-48 h, while it was down regulated in salt-stressed Pokkali (42-48 h) (Fig. 4a) . Similarly, the expression level of phosphogluco-water dikinase (PWD) in salt-stressed IR29 was up-regulated when subjected to NaCl (Fig. 4b) . The relative expressions of two starch phosphorelase (Pho) genes (isoforms; PhoL and PhoH) in salt-stressed IR29 were down-regulated when exposed to 200 mM NaCl from 0-30 h ( Fig. 4c and d) . The expression level of disproportionating enzyme (DPE2) in salt-stressed IR29 was increased in plants exposed to 200 mM NaCl for 36-48 h (Fig. 4e) , while β-amylase (BAM) was decreased (36-42 h salt exposure) (Fig. 4f) . The summary of gene regulation in starch metabolism is shown in Table 5 . It should be identified as two groups, with early response (<6 h salt exposure) and late response (>36 h salt exposure). Also, a large number of genes were upregulated in IR29 (10 genes), more than in Pokkali (only 3 genes). In early salt stress, starch biosynthesis in IR29 was up-regulated, while starch degradation in Pokkali was enhanced (Table 5) .
Starch and sugar profiles in the leaf tissues of rice seedlings were evaluated. Insoluble and soluble starch accumulated in salt-stressed Pokkali subjected to 200 mM NaCl for 1-8 days, whereas in IR29 the levels were unchanged ( Fig. 5a and b) . A positive correlation between soluble starch and soluble sugar accumulation in both IR29 (r 2 0 0.50) and Pokkali (r 2 00.98) was demonstrated ( Fig. 5c and  d) . Glucose, fructose and total sugar content in salt-stressed Pokkali increased in plants subjected to NaCl for 4 days. In contrast, the sugar content in salt-stressed IR29 was enriched when seedlings were exposed to NaCl for 1-8 days (Fig. 6) . In the present study, the regulation of starch metabolism in IR29, salt-susceptible, was identified as a single channel for sugar production when subjected to salt stress.
In contrast, starch metabolism and photosynthesis in salt stressed Pokkali were played as major route for the sugar enrichment.
The gene expression of two isoforms of granule-bound starch synthase, GBSSI and GBSSII, in salt-stressed seedlings (200 mM NaCl) of the Tainung 67 rice cultivar has been reported as down regulation. Also, the activity of GBSS decreased significantly, leading to low starch content in seedlings exposed to 200 mM NaCl. In contrast, the activities of ADP-glucose pyrophosphorylase (AGPase), soluble starch synthase (SS) and starch branching enzyme (SBE) in starch biosynthesis were unchanged in plants subjected to salt stress (Chen et al. 2008) . In the present study, the differential display of starch metabolism regulated genes, in both Pokkali, salttolerant and IR29, salt-susceptible, was demonstrated. An expression of AGPL1 gene in Pokkali rice seedlings was enriched when subjected to 200 mM NaCl for 24-48 h. In contrast, the expression of AGPS2b gene in salt stressed seedling of IR29 was up-regulated. The large subunit (L1) and small subunit (S1 and S2a) of AGPase protein in rice crop (cv. Dongjin) has been localized in plastid organelles, while S2b small subunit protein locates in cytosol (Lee et al. 2007 ). Also, the sensitivity and function of those subunits of AGPase protein relating to salt stress are still undiscovered. The regulation of those genes in starch biosynthesis i.e. AGP, GBSS, SS, SBE and starch debranching enzyme (ISA) and in starch degradation i.e. disproportionating enzyme (DPE), glucanwater dikinase (GWD), phospho glucan-water dikinase (PWD), β-amylase (BAM) and starch phosphorelase (Pho), depends on the degree of salt stress, the genotype and their interactions. In the salt-tolerant cultivar Pokkali, a major source of carbon is that derived from the photosynthetic system. Only Pho and PWD genes in Pokkali were upregulated for starch degradation in plants subjected to salt stress. In contrast, the photosynthetic abilities of IR29, salt-susceptible, dropped significantly. The major source of carbohydrate may flow from starch metabolism, regulated by AGP, SS, SBE, ISA, GWD, DPE, PWD and Pho. In the salt-sensitive rice cv. IR20, starch content decreased, relating to an increase in soluble sugar, including sucrose, when exposed to 50-100 mM NaCl (Djanaguiraman et al. 2006) . Soluble sugar, sucrose, glucose and fructose content in the root and leaf tissues of two rice genotypes (HJ, salt-tolerant, and PT1, salt-susceptible) were enriched when plants were subjected to 342 mM NaCl for 7 d (Cha-um et al. 2009 ). In addition, soluble sugar content, fructose and glucose, in a chill-sensitive rice cultivar increased significantly, whereas it was unchanged in a chill-tolerant cultivar exposed to 100 mM NaCl for 4 d (Morsy et al. 2007 ). Similar results have been reported in the salt-sensitive tomato cv. Volgogradskij (Khelil et al. 2007 ), wheat cv. Ghods (Kafi et al. 2003) , cashew nut (Voigt et al. 2009 ), cowpea (Praxedes et al. 2011 ) and quinoa (Rosa et al. 2009) . From this evidence, it can be seen that the photosynthetic abilities in saltsensitive rice dropped significantly when seedlings were subjected to salt stress. Soluble sugars are still enriched in the plant tissues, which is possibly the method of sugar enrichment. In the present study, soluble sugar enrichment may be contributed by starch metabolism, as identified by transcriptional expression of genes involved with starch, including AGP, SS, SBE, ISA, GWD, DPE, PWD and Pho. In quinoa (Chenopodium quinoa Willd.), AGP gene in the cotyledons (carbohydrate sink organs) was generally down-regulated, relating to low starch content, leading to increased soluble sugar in plants subjected to 200 mM NaCl (Rosa et al. 2009 ).
In the developing fruits of tomato (Solanum lycopersicum L. cv. Micro-Tom), AGP gene expression (isoforms, AgpL1, AgpL2 and AgpS1) and AGPase activity were up-regulated when plants were subjected to 160 mM NaCl, causing a decrease in starch content in the fruit tissues. Also, the expression of GBSS gene in rice was up-regulated when plants were subjected to low temperature (15/10°C; day/night temperature), whereas it was down-regulated in plants exposed to high temperatures (>30/25°C; day/night temperature) and drought stress (Wang et al. 2006) . Starch degradation in salt-stressed plants may play a role as a major source of carbon, indicated by enriched soluble sugar (3 times that of the control), including glucose, fructose and sucrose (Yin et al. 2010) . In Pokkali, soluble starch increased early during the salt exposure period (1-4 d) , then dropped. The functional role of soluble sugar in the salt defense mechanism is as an osmoregulation system, controlling the osmotic pressure in the plant cells in Na + -enriched conditions (Cha-um et al. 2009 ), and starch content may perform as a chelating agent, namely "Na + -starch granule bound" (Kanai et al. 2007 ). In the present study, novel transcriptional genes involved in starch metabolism, in both salt-tolerant and salt-sensitive genotypes of rice, were discovered in seedlings grown in salt-stress conditions. The major route of soluble sugar in Pokali, salt-tolerant, was found to be that from the photosynthetic system and starch degradation, while in IR29, salt-susceptible, it only flowed through starch metabolism when plants were exposed to salt stress.
In conclusion, photosynthetic abilities, including F v /F m , Φ PSII , qP, WUE and P n in the IR29 salt-sensitive cultivar dropped significantly and were lower than those in the Pokkali salt-tolerant cultivar, leading to inhibited growth characters in plants exposed to 200 mM NaCl. Endogenous soluble sugar contents (glucose and fructose) in both salttolerant and salt-sensitive genotypes of rice, increased in plants subjected to salt stress. The accumulation of soluble sugars in seedlings of the salt-sensitive cultivar grown under salt-stress may be from the starch metabolism, as identified by the transcriptional expression of genes involving starch, whereas sugar accumulation in the salt-tolerant cultivar may be generated from photosynthesis and starch degradation.
